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SUMMARY

Paging services have been an enormous success story. Over twelve million

Americans benefit from the ability to be reached on the move through these basic, low

cost telecommunications services. Mtel, as a technological innovator, pioneered and

deployed the country's first nationwide service. As a result, a ubiquitous network

exists that can reach anyone, virtually anywhere, at anytime.

Mtel's proposed Nationwide Wireless Network ("NWN") service transcends

existing technological limitations to introduce the next generation of advanced

messaging services. Today's paging services are strictly one-way and typically limited

to 1,200 bps. Tomorrow's NWN service would shatter these constraints:

• Speed. NWN will support extensive high speed messaging at up to 24,000 bps
to facilitate a high capacity nationwide service.

• Two-Way Functionality. NWN will support multiple levels of reverse channel
service depending upon the specific requirements of the end user -- automatic
acknowledgement from portables that a message has been received to support
"return receipt requested" applications; user-interactive simple preformatted
acknowledgements to confirm messages have been received by the end user;
and, full two-way transfer capability for short and extended length digital data.

• Nationwide Coverage. NWN offers transparent nationwide coverage familiar to
today's users of wide area and nationwide paging systems. NWN will also
support seamless interconnection with AMSC's mobile data services to provide
coverage even in the most remote areas.

• Application Independence. NWN offers an application independent digital data
transmission service that can be customized for each user's requirements.

• Adaptable Functionality. NWN supports variable levels of error detection and
correction capability, as well as encryption, prioritization, and many billing
options depending upon each end user's requirements.
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• Support for Industry Standards and Customized Needs. Interfaces supporting
numerous industry standards are planned to allow the broadest compatibility
between NWN and wireline messaging systems. Specialized arrangements will
also be available to support specific needs for customers.

Thus, NWN offers an unprecedented leap forward in messaging capabilities coupled

with national two-way functionality!

The implications of NWN are enormous. Mtel's proposal would allow

consumers to carry the power of a sophisticated national network on their person.

NWN would provide a ubiquitous, immediate infrastructure for "telecomputing" and

information services interacting with both inexpensive portable data devices and

personal computers. Paging would be transformed into its full 21st Century messaging

potential.

The key to future national messaging services lies in a number of technological

innovations pioneered by Mtel. NWN introduces the following notable advances that

integrate simulcasting and frequency re-use systems to produce enormous gains in data

rates, spectrum efficiency, and network functionality:

• Enhanced Multitone Modulation. NWN relies on high dimensionality
multicarrier modulation techniques to go beyond simulcast data barriers and
achieve transmission rates up to 24,000 bits per second -- 10 times faster than
the fastest existing simulcast systems (2,400 bps), a technology also pioneered
by Mtel.

• Simulcast Zoning. Relying on an intelligent centralized network architecture,
NWN utilizes a highly spectrum efficient zoned network that retains the
significant benefits of simulcast while allowing extensive frequency re-use and
graceful expansion capability.

• Multiple Receiver Load Balancing. Mtel has developed a protocol that allows
its central computers to track the location of portables, simultaneously
scheduling reverse channel transmissions on each receiver in the network to
permit extensive frequency re-use.
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• Dynamic Scheduling. NWN transmissions are designed to offer the greatest
practical degree of flexibility to the system controller to alter the allocation of
system resources in real time, efficiently accommodating variations in the
balance of forward/reverse, nationwide/zonal, address group, and
scheduled/unscheduled reverse channel traffic.

• Contention Priority Ordered Demand Assignment of Resources. Mtel has
developed a flexible, dynamic transmission protocol that optimizes use of the
reverse channel by minimizing the effects of unpredictable contending portable
transmission requests.

• Adaptive Registration. Mtel's use of Intelligent Network functionalities permit
the NWN system to utilize real time data acquired on customers' usage patterns
to maximize efficiency in locating portables by dynamically altering registration
schemes "over the air. "

Collectively and individually, these innovations result in a service that offers highly

spectrum efficient wireless messaging capability, flexibility to accommodate a wide

range of consumer needs, and the use of low cost portable units with extended battery

life.

In order to demonstrate the technical feasibility of the NWN innovations, Mtel

has undertaken a comprehensive program of laboratory research, computer modeling

and field testing. MPR Teletech Ltd, a leading telecommunications research and

development company, has evaluated and confirmed the theoretical underpinnings of

Mtel's proposal in extensive studies appended to this submission. Finally, Mtel's

aggressive field test program for verifying NWN's capabilities is underway and

progress reports will be submitted to the Commission at each major benchmark.

The extensive efforts reflected in this Technical Feasibility Demonstration

document the technical feasibility, technological innovations and public importance of

Mtel's NWN service proposal. Accordingly, prompt and favorable action on Mtel's

Pioneer Preference Request is respectfully requested.
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TECHNICAL FEASIBILITY DEMONSTRATION

Mobile Telecommunication Technologies Corporation ("Mtel") hereby submits

its response to the Commission's public notice of April 30, 1992. 1 This notice set a

cut-off date of June 1, 1992 for each pioneer's preference applicant to submit its

"demonstration[s] of technical feasibility or preliminary experimental results."2 As

discussed below, Mtel is in the midst of a massive ongoing effort, including laboratory

research, computer modeling, independent analysis, and field testing, to validate all

aspects of the NWN proposal. The results of this development program to date,

described in the four technical attachments, validates the feasibility of the innovations

identified in Mtel's NWN proposal and the ability of Mtel to bring the NWN service to

See Deadline To File Pioneer's Preference Requests 900 MHz Narrowband Data and Paging
Service (ET Docket No. 92-100), Public Notice, Mimeo 22922 (April 30, 1992).

2 Id.
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the public. Mtel believes its pioneering efforts and innovations, individually and

collectively, warrant grant of a pioneer's preference.

I. INTRODUCTION

Mtel and its corporate predecessors consistently have pioneered significant

messaging developments. As discussed in its previous filings in this docket, Mtel has

extensive experience in designing, constructing, and operating high technology wireless

communications services. 3 In the early 1980's, Mtel was actively involved in the FCC

proceedings regarding allocating spectrum for a nationwide paging service. Mtel was

convinced that consumers would respond favorably to a high quality nationwide

service. Eventually, Mtel's subsidiary, SkyTel, Inc. (IfSkyTeFM If) , was awarded the

first nationwide paging license at 931.9375 MHz,4 and was the only one of the three

original permittees that successfully built and launched a nationwide paging service.

Other companies and the user public are now benefitting from the technical trail Mtel

has blazed.

Mobile Telecommunication Technologies Corporation Petition for Rulemaking to Allocate 150
kHz in the 930-931 MHz Band and to Establish Rules and Policies for a New Nationwide Wireless
Network (NWN) Service at 1-4, ET Docket No. 92-100, RM-7978 (filed November 21, 1991)
(proposing to allocate three 50 kHz channels for competitive NWN carriers) ["NWN Petition"]. Mobile
Telecommunication Technologies Corporation Request for a Pioneer's Preference Regarding its Petition
for Rulemaking to Allocate 150 kHz in the 930-931 MHz Band and to Establish Rules and Policies for a
New Nationwide Wireless Network (NWN) Service at 2-3, ET Docket No. 92-100, PP-37 (filed
November 21, 1991) ["NWN Preference Request"].

4 The license was awarded in 1985 to National Satellite Paging. Since that time, the ownership of
the company and the name have changed but the original senior management of the controlling
corporation has remained. The name was officially changed to "SkyTelTllII in 1989. At present, Mtel
owns approximately 91 percent of SkyTelTll and the remainder is owned by Radiofone, Inc.
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Development of the nationwide simulcast paging service involved integrating a

number of systems using sophisticated central computer technology, toll-free access, a

spread-spectrum VSAT satellite interconnection system, and several monitoring and

alarm functions to ensure maximum reliability and minimum downtime. Because no

paging terminal was available that would meet the needs of its nationwide paging

system, Mtel developed the architecture and software to control a paging system

through a general purpose computer. Mtel's more recent accomplishments include

announcing the nation's first 2,400 bps simulcast messaging technology,S and

providing nationwide one-way wireless electronic mailbox ("e-mailtl
) service to AT&T

SafariTH computers and HP-95LX palmtop computers through the SkyTelTH network. 6

In addition, Mtel has exported technologies to Asia, Canada, and Mexico to facilitate

nationwide paging in other countries and to implement seamless international

messaging.7

In keeping with this tradition of innovation, on November 21, 1991, Mtel filed

its petition for rulemaking proposing the use of three 50 kHz channels in the 930-931

MHz band for a new Nationwide Wireless Network ("NWN") service. 8 Mtel's NWN

5 See Telocator Bulletin, Vol. 91 No. 32, p. 2 (August 11, 1991).

6 In this service, AT&T's Easylink'l1l electronic mail service is linked to SkyTel'l1l via a gateway
and permits users to send mail to computers equipped with a low cost adapter. Although somewhat
analogous to the proposed NWN service in terms of ease of use and area of operation, NWN will be a
fully two-way service, unlike the one-way service now available.

7 Today, systems in Mexico, Canada, and Singapore operate with computer systems integrated by
Mtel using software developed by Mtel. SkyTel'l1l and these systems are linked to Mtel's global network
computer center to offer international messaging. Systems are under development in Hong Kong,
Bermuda, Malaysia, and other countries.

8 NWN Petition.
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Petition proposed use of sophisticated innovative modulation techniques and an

innovative advanced dynamic frequency management scheme to provide highly efficient

two-way messaging capabilities for laptop, palmtop, and other portable computing

devices. At the same time, Mtel filed a request for a pioneer's preference to recognize

these innovations that Mtel developed to implement this ground breaking new service.9

II. THE NATIONWIDE WIRELESS NETWORK SYSTEM

NWN provides an inexpensive mobile communications solution for store and

forward compatible computer applications. For the numerous data communications

users who do not need radio-based virtual circuit services, this store and forward

messaging economically and efficiently optimizes the use of the radio channel. Given

the growing popularity of e-mail and packet-based networks in the "wired" world, Mtel

expects extensive demand for NWN, which operates in a portable radio environment.

Mtel has relied on several innovative technologies to create an economic and

efficient messaging service. First, Mtel's NWN system pioneers use of enhanced

multitone modulation techniques to achieve simulcast bit rates as high as 24,000 bits

per second. This rate is an order of magnitude faster than the current state-of-the-art

for implemented simulcast paging systems, which is 2,400 bits per second. 10 Mtel

9 NWN Preference Request.

10 Most existing simulcast paging systems operate at rates of 1200 bits per second or less. During
1991 Mtel pioneered the development of 2400 bps technology for the industry. Mtel is currently
deploying this technology for its SkyTelTII network. NWN will also operate at a faster data rate than the
forthcoming European Radio Messaging System ("ERMES"), which will deliver data at 6,250 bps. Mtel
is participating in the implementation of ERMES through its United Kingdom subsidiary.
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believes this improvement over existing systems is a significant achievement, since it

required Mtel to develop high dimensionality, simulcast-compatible signalling

techniques due to the 3,000 baud practical limitation on simulcast systems. ll

Second, Mtel's NWN system will deploy an innovative advanced dynamic

frequency management ("ADFM") scheme to optimize efficient spectrum usage.

Mtel's ADFM protocols will implement a number of efficiency-enhancing features,

including use of (1) dynamic zoning for forward channel frequency re-use, (2) multiple

receiver load balancing for reverse channel frequency re-use, (3) comprehensive

dynamic scheduling, (4) contention priority ordered demand assignment ("CPODA")

reverse channel resource allocation, and (4) adaptive registration. Made possible by

the high speed forward channel transmission scheme and centralized intelligent

network, these features optimize channel usage by portables and base stations, thus

efficiently utilizing spectrum. The same features also extend battery life, thereby

enhancing the utility of the service.

Mtel is in the midst of a significant validation program to test and refine these

innovations that includes laboratory research, computer simulation, independent

analysis, and field work under its recently granted experimental license. 12 Mtel has

employed the computer modeling resources of MPR Teletech Ltd (t1 MPR") to assist

Mtel in validating the feasibility of the NWN innovations. MPR, with over 500

11 The baud rate differs from the bit rate in that the baud rate specifies the rate at which symbols
can be transmitted, and the bit rate specifies the throughput achieved by decoding the symbols into a
binary stream.

12 Mobile Telecommunication Technologies Corporation Experimental Radio Authorization
KK2XIO, File No. 2353-EX-PL-91 (April 6, 1992).
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engineers, is a leading North American telecommunications research and development

facility.13 MPR's findings are summarized in three attachments: Exhibit A, titled

"Transmitter Parameter Characterization for NWN"; Exhibit B, titled "Performance

and Efficiency Considerations for the Mtel Nationwide Wireless Network (NWN)

Protocol"; and Exhibit C, titled "Mtel NWN User Device Product Feasibility and Cost

Analysis." MPR's qualifications are included as Exhibit D. In addition, Mtel has also

included as Exhibit E, titled "NWN Architecture and Operations," an overview of its

ongoing development of the architecture and information management systems within

NWN. As discussed below, the conclusions reached in these materials demonstrate

that Mtel's ongoing program has validated the feasibility of implementing an NWN

system as described in Mtel's NWN Petition.

III. MTEL'S INNOVATIVE USE OF ENHANCED MULTITONE
MODULATION TECHNIQUES IS TECHNICALLY FEASIBLE

High speed simulcasting is matched ideally with the coverage, spectrum, and

functional requirements of the NWN service. 14 However, as discussed in Mtel' s NWN

13 MPR has research and development roots extending over 80 years through its predecessor, GTE
Lenkurt Electric (Canada) Ltd. MPR's extensive experience covers a broad range of technologies and
services, including: (1) microwave radio, satellite, emergency, aeronautical, and infrared
communications; (2) network management, supervisory and signalling, and imaging systems; (3) systems
integration; and (4) manufacturing. MPR has recently been engaged in performing in-depth studies on
the performance of wireless technologies for its parent, BC Tel, including cellular CDMA, cellular
TDMA, CT-2+, and other new mobile data technologies.

14 As discussed in the NWN Petition at 14-15, A4-A5 & B1-B8, simulcast improves the quality of
coverage by overcoming shadowing and permits simpler, less expensive expansion of coverage because
there is no need to alter the existing time or frequency usage patterns of adjacent transmitters.
Moreover, if properly designed and implemented, simulcast effectively provides in-band frequency
diversity to combat multipath fading.
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Petition, there is a practical limitation on simulcast operations of 3,000 baud due to the

time delay spread of signals from multiple transmitters. 1S In order to provide

sufficient channel capacity to support NWN operations under this baud constraint, Mtel

has pioneered the development of enhanced multicarrier modulation ("MCM")16

techniques,17 which modulate several subcarriers at baud rates low enough to avoid

serious degradation due to simulcast operation. 18 As discussed below, MPR's

computer simulation analysis has confirmed that the MCM techniques under

consideration will function robustly in a simulcast environment at high data rates and

can be deployed in a relatively small channel without affecting adjacent channel

operations.

As an initial matter, achieving a practical simulcast rate of 3,000 baud is not a

simple task. In order to reduce the levels of intersymbol interference to a minimum,

15 See NWN Petition at B2-B4.

16 In Mtel's NWN Petition and NWN Preference Request, Mtel described these techniques
generically under the name "enhanced multitone modulations. n MPR's studies refer to these techniques
as "multicarrier modulation" or "MCM." To retain consistency throughout this pleading and the
exhibits, Mtel is referring to enhanced multitone modulations as "MCM."

17 MCM techniques are high dimension signals that transmit more than one bit per baud interval.
In "clean" channels, such as point-to-point microwave or telephone cable, the stock high dimension
signals are Quadrature Amplitude Modulation (QAM) or Multi-Phase Shift Keying (M-PSK) of a single
carrier. For the "dirty" environment (i.e., subject to greater variations in noise, circuit length, and
multipath phenomena) found in the portable radio messaging service a more robust modulation format is
needed. Multi-tone modulation schemes have been used before when faced with poor channels, e.g., the
KINEPLEX and KATHRYN HF radio modems. Mtel's use of MCM in a commercial mobile radio
environment, however, appears to be unique.

18 An alternative approach, used in many recent systems, employs various adaptive equalizers
and/or decision directed filters. However, adaptive equalization does not appear to be appropriate for the
NWN service at this time. The start-up training preambles required and the high cost and power
consumption of the equalization circuitry are not compatible with the relatively short messages NWN
sends to a large number of low cost, battery operated, portable transceivers.
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Mtel proposes to use satellite distribution of data and precise time synchronization as

well as meticulous transmitter design. The combination of these two factors is

expected to reduce the time delay spread to approximately 80 jJ.sec.19 With a time

delay spread of 80 jJ.sec, MPR's performance simulation of an MCM technique known

as multi-tone on-off keying (IMOOK")20 indicates that individual subcarriers can be

modulated in a simulcast environment at a rate of 3000 baud. After generating "eye

diagrams II 21 while varying (1) the simulcast time delay, (2) the levels of received

power from two simulcast transmitters, and (3) the fixed frequency offsets between the

transmitters, the analysis of the modeling concluded specifically that "[MOOK] is

capable of excellent performance in a simulcast environment, and implementation of a

modem using this technique is feasible. 1122

MPR also has assisted Mtel by modeling, in Part II of its NWN transmitter

parameter characterization, the intermodulation products that are generated by multiple

subcarriers within a small bandwidth. Several relevant conclusions are stated in MPR's

analysis of the calculated intermodulation products:

19 This represents an improvement of 2 1/2 times over existing simulcast paging systems, where
time delay spread is generally 200 ",sec. Mtel discussed the relationship between time delay spread and
baud rate in Exhibit B to the NWN Petition.

A7.

20 Mtel has previously described the signal characteristics of MOOK. See NWN Petition at A5 -

21 An "eye diagram" is the summation, over a number of baud intervals, of a data signal. The eye
opening is a measure of the ease with which a circuit could accurately register the current data value.

22 See Exhibit A at I. MPR did not have the data or time to simulate orthogonal carrier spacing, a
technique where the data rate f. in baud is equal to the spacing f. in Hertz between subcarriers. MPR
modeled subcarriers using a spacing of 4.5 kHz, which is 1.5 times the data rate and thus "non
orthogonal." While orthogonal systems offer spectral efficiencies, radio experimentation in the field will
be required to confirm that orthogonality can be maintained in a simulcast environment.



- 9 -

• "Using conservative assumptions on carrier spacing, MPR was able to show that
5 modulated carriers (3 kbps BPSK) can be placed in a 50 kHz bandwidth with
readily available Class A amplifiers using appropriate back-off techniques.
Hence 5 carriers each carrying 3 kbaud is demonstrably achievable. ,,23

• "MPR's modelling showed that readily available Class A amplifiers using
appropriate back-off techniques allow approximately half of the authorized
bandwidth to be occupied with modulated signal (e.g. 22.5 kHz out of 50 kHz
was modelled). If, instead of the conservative spacing used in the modelling,
orthogonal spacing of the carriers were to be used, higher bit rates could be
achieved. In this case, 8 carriers with 3 kbps MOOK modulation would be able
to carry 24000 bps while falling close to the proposed mask. MPR was unable
in the time available to model such a scheme, and cannot comment on its
expected performance. ,,24

MPR's modeling is strong support that Mtel can achieve data rates up to 24,000 bps.

At a minimum, MPR's computer simulations have established a baseline by noting that

"[u]sing conservative assumptions on carrier spacing" and "readily available Class A

amplifiers," a data rate of 15,000 bps is "demonstrably achievable" within the

emissions mask proposed by Mtel.

Mtel believes its continuing validation program will improve upon this baseline

data rate to achieve a projected 24,000 bits per second rate. The following avenues are

being pursued in Mtel's program and, singly or in combination, should yield the

desired data rate:

(1) Orlhogonal Placement of Carriers. MPR could not model the advanced
"orthogonally" spaced signals Mtel originally proposed; i.e., subcarriers
with spacing equal to the data rate. Given the conclusion from MPR's
simulations that the modulation products are relatively insensitive to the
number of subcarriers in the "modulation bandwidth," reducing the
spacing between subcarriers appears feasible. MPR states, using

23 Exhibit A at 1.

24 Exhibit A at 1.
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orthogonal spacing, lithe prior discussed occupancy of 22.5 kHz could
yield 22.5 kb/s of data. 1125

(2) Linearized Amplifiers. MPR's modeling assumed the use of "readily
available" Class A amplifiers. Newer amplifiers, using memory-mapped
predistortion, feedback and feedforward, promise "increased percentage
bandwidth utilization." In fact, MPR notes that the data sheet for one
vendor's feedforward amplifier reports intermodulation levels below -60
dBc, which "would appear to be consistent with 24000 bits per second
transmission. 1126

(3) Orlhogonal Modulation. 27 MPR's modeling suggests that the use of
orthogonal modulation schemes, like Quadrature Amplitude Modulation
("QAM"), may be appropriate. In this regard, MPR states "[ilt seems
reasonable to conclude that such schemes would support a rate of 24,000
bps. "1128

Under these conditions, Mtel is convinced that 24,000 bps is a technically feasible and

achievable data rate using enhanced multitone modulation techniques.

As a final matter, MPR evaluated the projected costs for NWN portable data

devices. Pursuant to Mtel's specifications, MPR modeled the costs of both a stand-

alone portable NWN unit ("PDT") and an NWN wireless "modem" ("PDM") to be

used in conjunction with a laptop personal computer or a palmtop organizer. MPR's

initial evaluation of PDT and PDM costs are well within the originally targeted ranges,

25 Exhibit A at II-11.

Exhibit A at II-IO.

T1 The meaning of "orthogonal" in modulation terminology is different from "orthogonal" in carrier
spacing terminology. "Orthogonal modulation" signifies schemes where a single carrier is modulated
with two orthogonal signals -- the I (in-phase) and Q (quadrature) signal. "Orthogonal spacing," in
contrast, signifies carriers modulated at a symbol rate f. symbols per second and spaced at a frequency f.
in Hertz.

28 Exhibit A at 2.
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with wholesale prices estimated at $299 for the PDM and $380 for the PDT.29 Mtel

will continue to experiment with further developing the network to lower costs for the

devices. 30 In sum, the analysis of MPR's modeling indicates that NWN portables can

be produced within the original price constraints envisioned for NWN.

IV. MTEL'S ADVANCED DYNAMIC FREQUENCY MANAGEMENT
SCHEME IS TECHNICALLY FEASIBLE

Mtel's NWN system utilizes an advanced and flexible architecture to achieve

spectrally efficient operations. In order to implement the architecture, Mtel developed

a comprehensive set of protocols to manage information flow and control system

resources. Mtel has made significant progress in verifying the performance of these

protocols. In conjunction, these protocols will allow NWN to: (1) utilize a nationwide

and zonal format for forward channel frequency re-use, (2) employ base receivers on

an individual basis to permit reverse channel frequency re-use, (3) control dynamically

access to system resources, (4) minimize inefficiencies caused by contention inherent in

portable generated requests to transmit, and (5) tailor location tracking schemes for

optimal use of resources. As discussed below, the NWN architecture and the protocols

developed by Mtel permit an unprecedented level of system optimization that will

29 Exhibit Cat 4. MPR has experience in CAD, prototyping, testing and manufacturing of modem
and baseband equipment for satellite and terrestrial radio systems. MPR, in fact, has access to excellent
manufacturing facilities within the BC Tel Group of companies, as well as its own resources for small
volume complex and/or prototype manufacturing.

30 Mtel believes it may be feasible, for example, to reduce the transmit power of the portables to 1
watt rather than 2 watts.
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enable implementation of a system supporting a large number of users in a highly

efficient manner.

Forward channel frequency re-use. Current wide area radio systems use either

multichannel re-use operation or simulcast operation -- NWN combines both to obtain

the maximum capacity, and thus provide superior spectral efficiency as compared to

either utilized alone. In effect, NWN forward channel transmissions are divided into

nationwide and zonal batches. As a precious resource, nationwide packets are used

efficiently -- as necessary to locate portables that have changed zones and to deliver

traffic to portables that are between zones. 31 Using this scheme, the NWN system

can easily combat saturation by shifting zone boundaries or creating additional zones by

changing the signals relayed by a set of transmitters during the zonal portions of the

cycle. No transmitter (or receiver) re-tuning is necessary. 32

Multiple receiver load balancing. NWN's independent simultaneous use of the

multiple receivers in each zone significantly increases the reverse channel capacity of

31 The power of this combination of zonal and nationwide simulcast can best be appreciated by
considering the alternatives. Without simulcast, the entire channel capacity would have to be divided into
a number of disjointed (orthogonal) subchannels, formed in time or frequency. Each subchannel would
only contain a fraction of the total capacity. Each transmitter would have to be assigned to a subchannel
that was not reused by any adjacent transmitters and the portable terminals would need a means (e.g.,
scanning) to determine the subchannel they should use. Typical deployments of such technology use a
minimum of seven subchannels to insure that there is adequate separation. To get back to par with the
spectral efficiency of a simulcast system, a given zone would have to be divided into at least 7 cells and
each of these cells would have to be equally loaded. Within a cell, users would not benefit from the
improved coverage simulcast delivers; they would suffer spotty coverage due to multipath and
shadowing. This degraded coverage would be particularly severe at the edges of each cell. Such
degraded performance is more tolerable in a voice system but can be especially deleterious in a data
delivery system. Given regional-only simulcast, coverage in the border areas would suffer. Given
nationwide-only simulcast, capacity would saturate quickly.

32 Mtel believes that such techniques may help conserve valuable nationwide capacity. See Exhibit
Eat 16-19.
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the NWN system. NWN requires a high density of reverse channel receivers to

compensate for the low ERP of portable terminals, e.g., on the order of 4 to 20 times

more base station receivers than transmitters. Mtel recognized, however, that each

receiver is an independent entity and that there is no need to associate a given receiver

with a particular transmitter, zone, or region.33

Dynamic scheduling. Allowing all of the components of the forward and

reverse cycles to be dynamically varied, on a zone-by-zone and cycle-by-cycle basis,

insures spectrally efficient use of available capacity. Within a single channel, the

NWN multiplexes a number of uses, including the nationwide/zonal split; the

forward/reverse division; the 64 forward channel address batches; and, finally, the

reverse channel division between the CPODA reservations and the scheduled responses.

All of these divisions are dynamically scheduled, so that no capacity is wasted. 34

CPODA reverse channel scheduling. Dedicating a portion of the reverse

channel to contending capacity requests from portable terminals is an innovation that

provides efficient allocation of the remainder of the channel. During any cycle, the

33 An intended base station receiver need not be beyond the range of all interferers for the reverse
channel load balancing to work -- all that is necessary to insure reception is that the intended portable
transmitter be sufficiently close. The near-far advantage provides the required protection ratio.
Therefore, increasing the density of receivers, without changing the portables, is sufficient to increase the
reverse channel spectral efficiency by increasing its capacity.

34 In contrast, the typical pager environment consists of a number of fixed duration subslots. To
keep the probability of long queuing delays acceptably low these systems must keep the average traffic
loading in each subslot well below the fixed subslot capacity. In the NWN only the total traffic need be
controlled; the capacity devoted to the individual subsets is adjusted to fit the current loading.
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probability that a given portable terminal has traffic it wishes to send is very small.3S

Under these conditions, the slotted ALOHA algorithm is a simple means to offer low-

delay access for terminals that occasionally have a burst of traffic.36 Slotted ALOHA

is merely used to gain access, however, and the bulk transfer of data occurs under

central scheduling to increase overall efficiency.37 One variant of this scheme,

Contention Priority Oriented Demand Assignment ("CPODA"), was developed for

packet satellite service. 38 Mtel's customized version of CPODA has the reservation

carry a description of traffic the portable wishes to transmit, so that the central

scheduler can optimize the reverse channel assignment and not require packet-by-packet

use of the reservation sub-channel. By limiting the random access reservations to a

portion of the cycle and keeping that portion as small as possible, NWN insures that

the reservations do not collide with scheduled traffic. Therefore, the useful throughput

35 It is expected that during an average busy hour only 13 percent of the terminals will generate a
message. Since the cycle length is only a half minute long there are 120 cycles per hour. Therefore, the
probability that a given terminal generates a message during a given cycle is only (0.13/120), or
approximately 1 in 1000. The low service request rate makes it inefficient to poll each portable on a
reasonable schedule or provide a dedicated request channel for each portable.

36 A pure ALOHA system saturates at a traffic load of 18 percent. Adding some regimentation to
the algorithm (slotting) improves the efficiency to 37 percent occupancy, but requires: time
synchronization all of terminals; establishment of a number of fixed duration time "slots"; and limiting
transmissions to fit within a single slot. Since all of the NWN terminals are synchronized to system
time, adoption of the slotted ALOHA scheme is easily accomplished and a rational means of increasing
the usable capacity.

37 If the slotted ALOHA scheme were used to transmit message traffic instead of merely channel
reservation requests, the entire return channel would operate at significantly less than 50 percent
occupancy, an unacceptable inefficiency.

38 Jacobs, et al; "General Purpose Packet Satellite Networks"; Proc IEEE, Nov 1978, pp 1448
1467. CPODA makes provision for a variety of reservations: isolated datagrams, continuing streams,
and various priority levels. CPODA also provides for "piggybacking" additional reservations on
previously scheduled transmissions. The goal of these additions is maximizing the responsiveness of the
service provided while minimizing the loading on the reservation channel.



- 15 -

of the scheduled traffic portions of the cycle can be close to 100 percent of the

allocated capacity. 39

Adaptive registration. Auto-registration of a portable whenever it enters a new

zone can significantly decrease the number of nationwide message delivery attempts

that NWN needs to perform. However, there are several situations in which auto-

registration degrades the system performance. Thus, Mtel has developed and refined

the concept of a protocol for "adaptive registration," which will provide NWN the

ability to change the registration capability of a given portable dynamically over the air

based on usage patterns.40 Portables that have generated a number of registrations

during a period within which they have not received messages are commanded to the

non-registration mode. Portables that have required several nationwide searches are

commanded to the registration mode.41 Importantly, however, registration cannot

39

16-17.
MPR's modeling, in fact, estimates that reverse channel utilization would be 92%. Exhibit Bat

40 See Exhibit Eat 9-16. Under the non-registration scheme, NWN assumes that a portable is still
in the zone where the portable last was received and initially uses that zone to attempt delivery. If this
fails, NWN attempts to find the portable during the nationwide portions of the cycle. Nationwide
searches consume more system capacity than a zonal delivery, but will always be successful if the
portable is on and within range. NWN will include the zone identity in the overhead portion of each
cycle, enabling the portable to detect when it has moved into a new zone. Under the registration
scheme, that information can be used to trigger an autonomous registration attempt during the slotted
ALOHA portions of a cycle. This use of capacity appears to be relatively costly to deliver location
information, but is justified if the information is used to vector a message during the time the portable is
resident within that zone. If the portable auto-registers and subsequently leaves that zone without
receiving a message, however, there has been a waste of system resources. Thus, by applying
centralized computing power intensively, NWN is able to make more efficient use of spectrum.

41 If the zone is experiencing a surge in portable-initiated messages loading the reservation
subchannel, a wholesale suppression of auto-registration, via a field in the cycle header, is imposed until
the surge subsides. During these periods, those portables that have arrived in a new zone, and are the
destination for messages, are found via the nationwide portions of the cycle. Notably, the nationwide
portion of the cycle will be primarily used to query a portable to which a delivery attempt has been
unsuccessful. Once the portable is found, the actual message can be delivered in the zonal portion of the
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eliminate the need for the nationwide portions of the cycle, which will always be

required to provide service to portables that are within the border areas between zones.

* * * *

Individually and collectively, the elements of Mtel's ADFM scheme

significantly increase the spectral efficiency of the NWN system. The cost of increased

spectral efficiency, however, is reflected in a higher degree of transmission protocol

complexity and larger burdens on centralized network computer resources, while

maintaining high effective data throughput rates. Mtel's network engineers, as

documented in Exhibit E, have expended considerable resources to develop a

comprehensive scheme for managing information flows in the network. This system

integration includes, for example: (1) ensuring that information is packaged in

manageable form, (2) that adequate internetwork facilities exist to carry the expected

protocol traffic loads, (3) that redundancy and alarm systems are in place to ensure

reliable operation, (4) that adequate computing resources exist to process the

information that is generated, and (5) that all network systems operate at high enough

speeds to manage the information on a real time basis.

Mtel's system integration development is packaged in Intelligent Network

functional elements: a Service Management System ("SMS") that gathers statistics,

holds user profiles, and makes strategic decisions on the commitment of system

resources; a Service Control Point ("SCP") that is involved in the real time

cycle so as to facilitate efficient spectrum usage.
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implementation of the SMS orders; Intelligent Peripherals ("IPs") that provide value

added services on an as-needed basis; and Access Points and Service Nodes

("AP/SNs") for input/output functions. Mte1's NWN Architecture and Operations

document provides a rigorous and detailed description of these components and their

interactions.42

Mte1's significant modeling efforts, employing the resources of MPR, verify the

performance and efficiency of the protocols to be used to implement the ADFM

scheme. MPR utilized its computer resources to model, among other things:

• NWN Cycle Synchronization. MPR's modeling measures the effects of time
delay on the synchronization word; i.e., how many correlation errors are
generated if the sync word is offset by one or more bits between the transmitter
and the portable unit. The "sidelobes" of the auto-correlation, or the false
positive correlations that are caused by random data coinciding with the
beginning or end of a sync word that is offset in time, should be low to alert the
portable that its clock does not correspond with the system synchronization.
MPR's modeling demonstrates that Mtel's synchronization word "shows
excellent low sidelobes in the auto-correlation. "43

• NWN Efficiency and Overhead. MPR's model compared the message
efficiency of an NWN system utilizing CRC error checking against the current
POCSAG protocol used in today's paging systems. This comparison indicates
that such an NWN system, for a message length of 100 bytes, has a message
efficiency of 75 %, compared to 64 % for POCSAG, with a fixed overhead of
0.7% versus 6.00%. For a 3000 byte message, NWN has a message efficiency
of 97%, compared to 65.5% for POCSAG.44

• NWN Message Throughput. The MPR results demonstrate that, under Mtel's
traffic model, "[e]ven given the much slower reverse channel bit rate (9600),
the channel can remain primarily in forward channel mode." MPR's modeling

42 See Exhibit E at 19-22.

43 Exhibit B at 10.

44 Exhibit B at 12.
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also shows that the ALOHA-reservation technique "is very efficient," and,
under Mtel's traffic model, achieves 92 % utilization of the reverse channel. 1145

• NWN System Capacity. Under the various assumptions used to model Mtel's
system, MPR's simulation demonstrates that an NWN system with balanced
forward and reverse traffic can support 600,000 subscribers with approximately
42 zones or 800,000 with 57 zones.46

• NWN Portable Power Consumption. MPR's calculations show that NWN
mobiles will have a standby duty cycle of 0.28%. In comparison, the POCSAG
duty cycle is estimated at 18 % and ERMES at 0.10 %.47

The data derived from MPR's modeling are generally consistent with the original

calculations developed by Mtel, and support not only the technical feasibility of

implementing working protocols, but also the commercial feasibility of deploying

NWN.

V. MTEL'S ONGOING NWN VALIDATION PROGRAM

As part of its comprehensive validation program, Mtel is pursuing a seven stage

testing sequence to characterize and evaluate the various aspects of the NWN

environment. Mtel' s research and modeling to date have confirmed the feasibility of

the NWN MOOK modulation technique and the system architecture, and have shown

that there are no insurmountable obstacles to implementing Mtel's NWN system as

originally envisioned. Mtel's field experimentation under its recently granted

45 Exhibit B at 16-17.

46 Exhibit B at 18. This figure differs from Mtel's original calculations because it reflects different
assumptions about retransmissions and data compression.

47 Exhibit B at 19.
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experimental license, in conjunction with supplemental laboratory development work on

the modulation schemes and the portable devices, includes:

• Stage 1 - Transmitter Installation. Install and optimize three transmitters in
and around Oxford, MS.

• Stage 2 - Coverage Testing. Characterize coverage from each transmitter
individually and determine signal strength of each to approximately 5 p,v/m
using unmodulated CW.

• Stage 3 - Detennination of Simulcast Characteristics. Using unmodulated CW,
determine characteristics of overlap areas for transmitters in pairs and as a
group.

• Stage 4 - Modulation Testing. Using modulated carriers, repeat stage 3 tests to
test for distortion and SINAD at edges of coverage and in overlap areas.

• Stage 5 - Multitone Modulation Testing. Using multiple tones, repeat stage 3
tests to further refine characteristics of simulcast signal in a manner more
closely related to actual system modulation.

• Stage 6 - Return Path Verification. Using a single receiver and a 1-2 watt
portable transmitter, determine the capability of the return path, including
absolute range and building penetration.

• Stage 7 - Return Path Verification for Multiple Receivers. Using multiple
receivers, multiple 1-2 watt transmitters, and a prototype subcontroller,
ascertain the ability to receive several signals at one time and determine capture
effects.

Mtel believes that testing through stage 2 will be completed within 45 days, testing

through stage 4 in 75 days, testing through stage 5 in 105 days, testing through stage 6

in 135 days, and final testing through the end of stage 7 in 165 days. Additional

experimentation will involve application of the actual MCM modulation schemes under

consideration for NWN. Mtel intends to submit experimental progress reports to keep

the FCC accurately apprised of its ongoing progress as it reaches appropriate

benchmarks.
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Mtel has selected low baud rate multicarrier modulation techniques because they

provide the proper balance of technical risk and performance for small, low power, low

cost portable terminals. Mtel's field testing, however, will continue to investigate

alternative modulation schemes offering higher speeds (and commensurately higher

complexity)48 as well as alternatives to MOOK proposed in the NWN Petition and,

possibly, multiple tone systems implemented using nonlinear amplifiers. Mtel's initial

investigations have indicated that these signals are not likely to perform robustly in a

simulcast environment under the cost constraints currently envisioned for NWN, but

Mtel does not wish to foreclose the possibility of utilizing an alternative scheme if it

offers better results in providing the services proposed for NWN. In addition, these

techniques warrant investigation because, at some point in the future, the capability of

producing extremely low cost terminals utilizing these techniques may exist. At that

point, NWN can gracefully expand to accommodate the new signalling techniques.

Since NWN cycles are divided into components at numerous points, additional

components can easily be added for "new" technology NWN usersY

The flexibility of the NWN architecture will also allow the system to evolve so

as to interface at the Network Operations Center and at the user terminal with other

48 These techniques would include, for example, 11"/4 offset QPSK (as used in the TIA IS-54 North
American cellular standard) and GMSK (proposed for use in the European GSM system).

49 In a similar manner, if, for some unknown reason Mtel cannot employ 8 tone MOOK today and
technologies are readily available to implement a limited NWN system, the architecture can be deployed
to provide a forward evolutionary path. In other words, in a worst case scenario, Mtel could
immediately deploy binary FSK at 3 kbaud, followed, successively, by 4 level FSK, 8-ary FSK (3
bits/baud), 2 out of 8 PFSK (4.81 bits/baud), 4 out of 8 PFSK (6 + bits/baud), and finally 8 tone
MOOK. Importantly, the system could be engineered so that all of the earlier formats are freely inter
mixable in a cycle and older portable terminals could continue in service.


